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. 
HEAT PIPE THERMIONIC CONVERTER 'DEVELOPMENT 

' .  
1. Int r o du c t i on 

Th i s  document 

work being performed 

constitutes the Fourth Quarter ly  Report  of the 

under The rmo  Electron! s Contract No. 951465 

with the J e t  Propulsion Laboratory. 

This  report  covers progress  for  the period 1 May t o  17 July 

1967. During this period model T/E-3 has been fabricated and tested. 

The  model is a thermionic converter with a heat pipe s t ructure ,  and it 

has successfully met all the design requirements.  It has been operated 

for 400 hours  at full power, and it has been cycled in rapid s ta r t -up  and 

cool-down sequences for  12 t imes  without failure. 
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2. Fabrication of T/E-3 

As mentioned in the Monthly Report No. 8, the fabrication of 

model T/E-3 was undertaken using the radiator  and collector heat pipe 

.e t ructure  used as a back-up f o r  T/E-2. ' To use this  s t ruc ture  it was 

necessary  to  dissassemble it in  o rde r  to  co r rec t  a faulty positioning of 

the capillary structure.  The dfsasaembly was ca r r i ed  outlby: grinding t . ,  

off the end cap of the heat pipe and pulling out the  tight-fitting' capillary 

structure.  

.. . 

I -.. .. 

I 

A new capillary was inserted,  and a new end cap was welded 

in place. 

diameter to ensure a loose fitting of the capillary into the heat pipe. 

After the end cap was welded in place,it was noticed that the heat of 

The capillary was made  using a mandrel  of slightly reduced 

welding had caused a very minor reaction of the catlting with the niobium 

in the vicinity of the weld. 

niobium, and it was therefore decided to  carefully check the worthiness 

of the welded assembly. 

abruptly four t imes  to  900'C for  a total of 18 hours,  and the s t ruc ture  

This reaction is known to  embrit t le the 

It was placed in a vacuum furnace and cycled 

was leak-tight a f te r  test .  It was then accepted for  assembly of T/E-3. 

The  assembly proceeded normally, and it included mounting a 

rhemium emit ter  s t ruc ture  in o rde r  to make possible the fabrication of 

a complete converter heat pipe. 
' 0  

0 

After complete fabrication, the heat pipe was outgas sed  overnight 

with a resis tance heater  at 500°C while maintaining the sodium rese rvo i r  

at 350'C for 36 hours.. The sodium was then t r ans fe r r ed  to  the heat pipe, 

and the heat pipe fill tube was pinched off by electron bombardment. 

' To proceed with the cesium charge, a ces ium tubulation was 

fuse-brazed to  the cesium tube, and a leak was  discovered in the wall 

of the tantalum tube. To solve th i s  difficulty, a niobium tube was welded 

2 



over the tantalum tube so as  t o  cover the leak, and this approach was 

successful. The converter was then outgassed with a molybdemum foil 
' 1 .  

, around the radiator  t o  maintain a high collector outgassing temperature.  

The outgassing time was 15 hours  at an emitter tempera ture  of 1550°C 

and a collector heat pipe temperature  of 700°C. 

was then ca r r i ed  out by capsule heating t o  200°C for four hours. 

completed assembly is shown in Figure 1. 

l 

Cesium distillation 

The 
I 

. .  . .  
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3. T e s t  of TIE-3 

Converter T/E-3 was instrumented with voltage 

output leads a t t h e  point of attachment to  the converter,  

taps on the . 

two thenno-  

couples on the cesium reservoir ,  and two spot-welded thermocouples 

on the suppcirt flange, close to  the heat pipe, BO as to  afford a meas-  

urement  of heat pipe temperature. 

Testing of T/E-3 consisted of five runs. In the f i r s t  run the 

steady-state output character is t ics  were  measured  at output voltages 

of 1. 2, 1. 0, 0. 8 and 0.6 volts at  emit ter  hohlraum temperatures  of 

1600, 1700 and 18OO0C. 

in the T-200 converter s e r i e s ,  most  likely because of the use  of a nio- 

bium collector, which has a notorious reputation f o r  poor performance. 

Also, the collector surface was not given the f i r e  sur face  finishing used 

for the T-200 converters ,  and therefore the interelectrode spacing 

achieved was probably quite non-uniform. 

of converter T/E-3 was 0.2 volt lower than that  of T-206 at any selected 

output c u r  rent and emit t e r t empe rat u r  e. 

The outputs observed w e r e  lower than observed 

Typically the output voltage 

In the second run, the output charac te r i s t ics  at an emit ter  su r -  

face temperature  of 2000°K w e r e  obtained under dynamic testing, e n d  

these  a r e  presented in Figure 2. 

&th those obtained with converter T-206, confirm a voltage shift of 0. 2 

The charac te r i s t ics ,  when compared 

volt in the optimum curve, and they a l so  reveal  that T/E-3 optimized 

at cesium rese rvo i r  temperatures  about 10 degrees  higher than T-206. 

The  higher optimum reservoi r  tempera ture  is consistent with the as- 

sumption that the lower performance is due to the use  of a poor collec- 

t o r  mate  rial. 

5 
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a ' In the third run, the converter  was run continuously at a hohlraum I 
temperature  of 1700°C with a load adjusted for an output of 0.6 volt at 

52 amperes. The steady-state heat pipe tempera ture  was  720°C. T h e  

converter operated at this setting f o r  200 hours. 
1 

I In the fourth run the converter  was thermally cycled abruptly be- 

tween near- room-temperature and operating temperature .  

input f o r  an output of 52 amperes  a t  17'00°C was turned on and off in- 

The power 

I 
stantaneously f o r  12 thermal  cycles. 

t u r e  recording which was obtained during the eighth cycle. 

the interval between the fifth and sixth cycles, the converter was run 

fo r  an additional 200 hours at steady-state and high cur ren t  outpat. 

F igu re  3 shows a typical tempera-  

Also, in 

I 

T h e  fifth run was conducted to  determine the effect of the voltage 

tap location on- the performance measured.  

emitter te rmina l  was  shifted t o  a m o r e  advantageous location, as i l lus- 

t ra ted  in data sheet  No. 7, but no effect was observed. 

The voltage tap on the 

7 
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4. Conclusions 

T h e  heat pipe model T/E-3 demonstrated for  the first t ime the 

operation of a SET-type converter with a collector radiator  heat pipe. 

All JPL requirements were  met  without failure of the model. 

One of the most  interesting resul ts  is presented in Figure 4, 
which compares  the  dynamic and s ta t ic  performance obtained with the 

model. 

agreement  at low output currents ,  but at higher cur ren ts  the s ta t ic  data 

falls  f a r  below the dynamic data because the collector-radiator s t ruc tu re  

cvlnot handle the l a r g e r  heat t ransfer ,  and the collector overheats. 

The heat pipe of T/E-3 was designed t o  avoid this limitation, and F igu re  

4 shows that the s ta t ic  data remains in agreement  with the dynamic 

data at all values of output current. 

With the previous converters,  this comparison always shows 
4 

# 

J 

.During the next quarter ,  fhe final model T/E-4 will be fabri-  

cated and tested. The model will  have a l a r g e r  heat pipe diarneter i n  

o r d e r  to provide optimized operation at output cur ren ts  as high as 80 

amperes .  
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